Background
he prevalence of overweight and obesity in children and adolescents continues to rise, presenting a major challenge for health-care providers. Globally, the number of overweight and obese individuals increased from 857 million in 1980, to 2.1 billion in 2013 [1] . Prevalence has increased substantially in children and adolescents in developed countries, with 23.8% (22·9-24.7) of boys and 22.6% (21.7-23.6) of girls overweight or obese in 2013 [1] . In developing countries, obesity also increased from 8.1% (7.7-8.6 ) to 12.9% (12.3-13.5) in 2013 for boys, and from 8.4% (8.1-8.8) to 13.4% (13.0-13.9) in girls [1, 2] . Here in the United Kingdom, UK, obesity rose amongst 2-10 years old to 13% in 2010-2012, with 18.7% of older children aged 11-15year obese and 35% overweight and obese [3] . Consequences of severe obesity at an early age include; orthopaedic complications, type 2 diabetes, increased risk of cardiovascular disease and hypertension [4] . Worryingly, the majority of these medical concerns have traditionally only presented in adults [2, 4] and as Reilly and Kelly (2011) reviewed, a large body of evidence now conirms obesity in childhood and adolescence can lead to premature mortality and physical morbidity in later life [2] . he psychopathology of obesity in young people is a concern with overweight and obese children experiencing poor quality of life, lower self-esteem [5, 6] and an enhanced risk of being socially isolated than their healthy weight counterparts [7] . Several variables are associated with low Quality of life, QOL, such as self-image, bullying, bodily pain, quality of food intake, physical activity, screen time, parents, and weight status [6] . Being obese in childhood is also associated with depressive symptoms and thoughts of suicide, oten linked to bullying in schools and/or through the use of social media networks [8, 9] . Taken collectively these data conirm the dire need to intervene with eicient and cost-efective treatment programmes for young people who are severely obese.
he National Institute for Health and Clinical Excellence (NICE) presents treatment guidelines for overweight and obese children and young people, emphasizing the importance of lifestyle interventions focusing on diet control, physical activity and behavioural change all being delivered within a multi-disciplinary framework [10, 11] . Yet, for many adolescents whose Body Mass Index (BMI) place them in the severely obese bracket (i.e. BMI >99th percentile), lifestyle interventions are inefective with only modest short-term eicacy in terms of weight-related outcomes [2] . Perhaps due to the added complexity of being severely obese, treatment programmes for this population oten report high attrition rates, usually failing to ensure signiicant and sustained weight loss longer-term [12] . As adults (equivalent BMI >40, or >35 with co-morbidities), these individuals would be considered for bariatric surgery [10] , which is associated with long-term successful weight loss [13] . In response to rising obesity prevalence, there is a growing body of research exploring the use of bariatric surgery in young people. A review of bariatric procedures [13] , including the adjustable gastric band, sleeve gastrectomey, roux-en-Y gastric bypass and biliopancreatic diversions, in obese children and adolescents indicate signiicant decreases in BMI one year post-surgery with some evidence of co-morbidity resolution and improvements in health-related quality of life [13, 14] reported results from a prospective study of 81 adolescents undergoing laparoscopic Roux-en-Y gastric bypass and showed a 32% reduction in BMI ater 2 years [15] . Despite growing evidence from the research community, for the use of bariatric surgery as a safe and efective treatment option for severely obese adolescents [13, 15] , inconsistencies with protocol reporting, lack of detail on surgical complications [16] and limited reports of the long-term efectiveness [13] , results in some practitioners and policy-makers hesitant to recommend surgery as a treatment [17] [18] [19] . his reluctance to perform bariatric surgery more frequently in adolescents is reinforced by, current UK clinical guidelines that specify adolescent bariatric surgery should only be considered in exceptional individual circumstances [9] . Yet there is strong recognition that novel, less invasive, whilst equally efective treatment strategies tailored to the needs of severely obese adolescents [20, 21] are warranted. One such approach, which is proposed here, is the use of intra gastric balloons as a potential, reversible, intervention for adolescent obesity.
Intragastric balloons were irst proposed as an aid for weight loss more than 20 years ago [22] . Since then, Bioenterics luid-illed balloons (BIB) have been sited endoscopically into the stomach typically for six months, to induce satiety by reducing the stomach capacity, thereby reducing food intake and encouraging weight loss amongst obese populations [23, 24] . A systematic review by Dumonceau (2008) of BIB treatments reported a mean weight loss of 17.8 kg, ranging from 4.9 kg -28.5 kg [21] . Imaz (2008) reported a weight loss of 14.7 kg at 6 months representing a 32.1% loss of excess weight and a BMI change of 5.7 [22] . Building on the learning from weight management literature, treatment with BIB should be proposed in the setting of a multidisciplinary framework [22] to help promote and sustain the lifestyle changes adopted [10] . Studies assessing lifestyle modiication, quality of life and psychosocial impact are limited, with little data on long-term follow-up post balloon removal [22] . In addition to weight loss, psychopathologic outcomes must be assessed as participation in supervised exercise therapy interventions have been shown to improve measures of self-esteem and increased physical activity among obese children [25] [26] [27] [28] .
his pilot study proposes the use of intragastric balloons, alongside a lifestyle support programme, to help severely obese adolescents to lose weight. he study is entitled Balloons in Obesity given the acronym BOB.
Methods / Design
Study aims he primary aim of BOB is to assess the feasibility of using an intrasgastric balloon, alongside a lifestyle support programme, to promote weight loss in severely obese adolescents at six months. Weight maintenance will be assessed 18 months post-balloon removal.
Study design and setting
BOB is a non-randomised pilot study. his involves 12 obese adolescents (BMI > 3.5SD, puberty stage 4 or more) aged 13 -16 years, recruited to the study, where an intragastric balloon (ORBERA -inlated to 500-700ml) will be placed in-situ endoscopically under general anaesthesia at a specialised children's hospital, for 6 months, whilst receiving intense behavioural, lifestyle support for the family. Follow-up will continue for 18 months ater balloon removal with reduced behavioural support. his study incorporates medical evaluation and monitoring led by a paediatrician alongside receiving nutritional advice, physical activity counselling and behavioural support, delivered by a Research Fellow at an English university, aimed to optimise the likelihood of patients achieving desired outcomes.
Participant eligibility
Participants will be recruited according to the following inclusion criteria: (1) Clinically Obese and aged 13 -16 years old (BMI > 3.5 SD); (2) have attained or nearly attained adult stature and stage 4 pubertal development; (3) Have previously attempted weight loss through a structured management programme (4) Are able to attend weekly sessions with researchers and are capable of adhering to the lifestyle changes advised. Exclusion criteria are as follows: (1) previous oesophageal or gastric surgery or history of intestinal obstruction; (2) history of inlammatory disease of the gastrointestinal tract such as oesophagitis, gastric or duodenal ulcers or congenital anomalies such as atresias or stenosis; (3) Hiatus hernia >5 cm (assessed at balloon insertion); (4) History of, or current signiicant psychological disorder (permission sought from lead care giver).
Ethical considerations
Signiicant public and patient involvement was sought during project development. Full ethical approval for this study has been obtained from the NHS Sheield research ethics committee. Written informed consent will be required from all participants and their parents prior to commencing the study.
Study interventions
An intragastric balloon (ORBERA TM-inlated to 500-700ml) will be placed in-situ endoscopically under general anaesthesia. he balloon will remain in place for 6 months with monthly assessments by the research paediatrician and gastroenterologist to ensure correct balloon placement and provide routine medical check. To reinforce lifestyle changes, families will attend weekly sessions lasting for up to an hour, at a time that suits the family, with the research fellow at the university facility. Upon request, up to 6 sessions could be held in families' local community to encourage sustained lifestyle change. In line with NICE (2011) guidance and previously reported evidencebased obesity intervention [25, 28] , the multi component intervention will include behaviour change strategies to increase families' physical activity, improve eating behaviour, and provide social support as well as supervised exercise sessions. Sessions will be client-centred and tailored to the needs of the young person and their family. Follow-up sessions with the research paediatrician and research fellow will take place up to 18 months ater balloon removal.
Intervention schedule
he BOB programme will be delivered, in total, over two years 
Preparatory phase (0-4 weeks)
Once recruited, all families commence the study by undergoing weekly sessions for four weeks, aimed to ensure families are certain of their decision to participate, are fully aware of the implications of their decision, understand what is involved and are committed to the project. his time frame provides the opportunity for the research team to assess patient suitability, conduct the baseline assessments and continue to build rapport.
Early weeks of BOB (4-8 weeks)
his irst month living with the balloon provides opportunity to build rapport between the research team, the adolescents and their families. he focus of the behaviouralprogramme is to explore participant expectations from the study,with individual success criteria and discussion of goals all informing tailored support and an agreed action plan for the delivery of the programme. From a medical perspective, the focus is on participant safety ensuring balloon placement is correct and ofering weekly medical check-ups with associated appropriate tests.
Living with BOB (9-20 weeks) and Post BOB (20-28 weeks)
he remaining 5 months with the balloon inserted, and for 2 months ater balloon removal, participants will follow a weekly lifestyle support programme delivered by the research fellow (LR). Individual sessions will last approximately 1 hour and include a mix of physical activity, support for behaviour change and nutrition advice (e.g. understanding food labels, portion control and healthful eating). he lifestyle programme will be underpinned by recognised models of health-related behaviour change [26, 27] and adhere to previously eicacious approaches with overweight and obese young people [29, 30] . To achieve a person-centred approach, sessions will be delivered in accordance within the spirit of Motivational Interviewing, MI [28] . Furthermore, the lifestyle programme will utilise a variety of commonly applied behaviour change techniques [30, 31] to enhance physical activity and diet-related behaviour. Due to the lack of detail and consistent reporting of behaviour change techniques utilised in physical activity and health behaviour change programmes, Abraham and Mitchie developed the taxonomy of behaviour change techniques, to standardise and hopefully resolve this issue [29, 30] . To standardise the techniques utilised in this study, table 1.0, attempts to map techniques with deinitions and techniques provided by Abraham and Mitchie, with the addition of examples highlighting where they will be delivered throughout BOB.
During sessions participants and their families and friends will also be ofered a range of aerobic exercise modalities including gymbased equipment (e.g. treadmills and bikes), outdoor activities such as walking, as well as the use of exercise DVD's. he exercise sessions will be delivered in small bouts of no more than 10-minutes to build self-eicacy and will be of moderate intensity, in line with Public Health England recommendations [31] [32] [33] . Sessions will also include mini-games and self-referenced competitions to help motivate and build self-worth. hese approaches have been shown to help build global self-worth and promote adherence to the intervention [25] . During the sessions the rating of perceived exertion will be measured using the pictorial children's efort rating table (PCERT) [32] . Participants will be asked to point to how they feel the exertion compares against a 10 point scale. Medical assessments take place once a month with PS at the children's hospital. 4.9 Dietetic Input All participants and families will receive two, one-hour sessions with a specialist dietician (LDA). One session before the balloon is inserted to support participants from a full luid diet through to the re-introduction of solid foods, and once ater the balloon is removed to reinforce the maintenance of reduced calories and portion size and commitment to a healthy balanced diet. Under specialist circumstances participants can access dietetic support throughout the programme; however key healthy eating messages will underpin the weekly delivery of the lifestyle support programme as previously mentioned.
Outcome measures
he primary outcome measure is the change in body weight and BMI standard deviation score from baseline following six months intragastric balloon therapy and lifestyle programme. Secondary outcome measures include the assessment weight maintenance at 18 months post balloon removal, biomedical outcomes including blood glucose levels, and psychosocial outcomes such as paediatric healthrelated quality of life.
Biomedical outcomes
Biomedical outcomes comparing change in biomedical data at the various time points (baseline, following six months intragastric balloon therapy and subsequently at 18 months post balloon removal) include:
• Diference in fasting glucose, fasting insulin glucose ratio and HOMA
• Diference in total cholesterol, HDL, LDL, triglycerides and atherogenic index.
• Diference in systolic and diastolic blood pressure standard deviation scores.
• Change in liver function tests
• Changes in Ghrelin, GLP-1 and GIP levels
• Changes in adipokines, osteokines, bone formation and turnover markers Changes in total fat mass, bone mineral content and bone density as assessed by DXA and changes in bone architecture as assessed by highresolution peripheral quantitative computed tomography, HR pQCT. Researcherwill explain that other young people and families are experiencing similar consequences as a result of their weight, and making lifestyle changes is also something others ind dificult.
Psychosocial Outcomes

Goal setting (behaviour)
The person is encouraged to make a behavioural resolution (e.g. take more exercise next week). This is directed towards encouraging people to decide to change or maintain change.
Weeks 6 -24
Researchers ask the young people to identify a speciic behaviour that they plan to make changes to. E.g. walking home from school on 2 days a week. The SMART principle to goal setting will be applied here (Locke, 2000).
Goal setting (outcome)
The
The researcher will explore with the young people general outcomes that they would like to achieve at the end of the project. Thought will be given to what they want to look like, how they feel about this and if they consider it realistic.
i.e. -weight losses, it in speciic dress size, and wear a certain outit. Young people will be supported to consider how life events, daily activities, emotions, might affect their ability to perform their chosen goal. The researcher will elicit a list of potential barriers form the young person whilst exploring potential strategies to overcome these.
Set graded tasks
Breaking down the target behaviour into smaller easier to achieve tasks and enabling the person to build on small successes to achieve target behaviour. This may include increments towards target behaviour or incremental increases from baseline behaviour.
On-going from week 9-24
The researcher will explore with the young people their expectations from engaging in the BOB study. From this, the researcher can work with the families to break down into small achievable goals, applying the SMART principle (Locke, 2000) that will build over time to achieve their desired outcome.
Prompt review of behavioural goals
Involves a review or analysis of the extent to which previously set behavioural goals (e.g. take more exercise next week) were achieved.
On-going weeks 9 -24
The researcher will spend the start of each weekly session with the young person, discussing the progress made in relation to the young person's chosen behaviours. Achievement or failure of the goal will be explored with the participant adapting the goal in preparation for the following week. The researcher will praise and offer positive afirmations for lifestyles changes the young person and their families achieve. A free pass to a local gym will be offered as a reward for completing the physical activity sessions during BOB, acting as an incentive to maintain the physical activity.
Citation:
Shaping Contingent rewards are irst provided for any approximation to the target behaviour e.g. for any increase in physical activity. Then, later, only a more demanding performance, e.g. brisk walking for 10 min on 3 days a week would be rewarded. Thus, this is graded use of contingent rewards over time. Any attempts made by the young people and their families' to be more physically active will be reinforced positively by the researcher. Throughout the programme praise will be given when this intensity of behaviour is increased.
For example, during early gym sessions families will be praised when completing 2 minutes on the treadmill at 1% incline at a steady pace. Towards the latter stages, this praise would be given when completing 20 minutes a 2% at gradient at a brisk pace. A free pass to a local gym will also be offered at the end of the project for successful completion.
Prompting generalisation of a target behaviour
Once behaviour is performed in a particular situation, the person is encouraged or helped to try the behaviour in another situation.
The idea is to ensure that the behaviour is not tied to one situation but becomes a more integrated part of the person's life that can be performed at a variety of different times and in a variety of contexts.
weeks 9-16
The researcher will elicit from the young person situations where they are inding it dificult to adopt their desired behaviour yet have been successful at other times, e.g. eating lunch at school. Potential strategies to overcome this will then be explored. The researcher will provide demonstrations on how to use the gym equipment and perform certain physical movements effectively allowing the participant to observe and ask questions if needed, before attempting to perform the movement themselves.
Teach to use prompts/cues
The person is taught to identify environmental prompts which can be used to remind them to perform the behaviour (or to perform an alternative, incompatible behaviour in the case of behaviours to be reduced).
weeks [16] [17] [18] [19] [20] [21] [22] [23] [24] The researchers will facilitate a discussion asking the young person /family to consider their environment and identify strategies to help remind them to perform their desired behaviour. E.g.
set an alert on their mobile phone to ensure the young person eats regularly throughout the day.
Environmental restructuring
The person is prompted to alter the environment in ways so that it is more supportive of the target behaviour e.g. altering cues or rein forcers.
Weeks16 -24
Families are encouraged to consider their home environment and identify ways this could be altered to support them to achieve a healthier lifestyle.
E.g. Consideration given to availability of a table for the families to dine together.
Agree behavioural contract
Must involve written agreement on the performance of an explicitly speciied behaviour so that there is a written record of the person's resolution witnessed by another.
Weeks 4,5
A psychological contract is drawn up between the researcher and the young person, witnessed by the family, outlining key principles all will commit to throughout the study.
Prompt practice
Prompt the person to rehearse and repeat the behaviour or preparatory behaviours numerous times. Note this will also include parts of the behaviour e.g. refusal skills in relation to unhealthy snacks.
Young people will beasked to consider situations that they experience temptation to deviate from their desired behaviour or a situation where they ind persisting with a given outcome dificult. The young person will elicit strategies to overcome this which the researcher encourages them to practice regularly. E.g. distraction strategies such as phoning a friend, if they feel bored and are tempted to eat when they do not need to.
Use of follow-up prompts Intervention components are gradually reduced in intensity, duration and frequency over time, e.g. letters or telephone calls instead of face to face and/or provided at longer time intervals.
Week 24, 6mths, 12mths, 18mths post balloon removal.
Weekly face to face sessions with the researcher will be reduced, with contact via telephone one month post-balloon removal. Face to face sessions will then only occur at followup appointments.
Facilitate social comparison
Involves explicitly drawing attention to others' performance to elicit comparisons.
On-going weeks 9 -24 weeks
Researchers will draw on examples from other BOB families to encourage the individual to consider their progress not just individually, but also in comparison to other young people undergoing the same project. 
The young people/ families will be encouraged to talk about their experience of undergoing lifestyle changes to other BOB families. The young people will also be supported to offer peer support to their siblings/ friends who could also require support in leading a healthier lifestyle.
Prompt anticipated regret
Involves inducing expectations of future regret about the performance or non-performance of behaviour. This includes focusing on how the person will feel in the future and speciically whether they will feel regret or feel sorry that they did or did not take a different course of action.
week 1-4, week
The short time frame of the BOB project (6months) will be outlined explicitly to all the young people/families. As a result, they will be encouraged to consider how they can optimise this time to support them in the short term as well as the longer term. Throughout the project, the researcher will continuously encourage the individuals/ families to consider how lifestyle changes made whilst on the project will be sustained over the longerterm after BOB.
Fear arousal
Involves presentation of risk and/or mortality information relevant to the behaviour as emotive images designed to evoke a fearful response weeks 1 -4
The risk associated with the insertion and removal procedure of the intragastric balloon will be discussed, along with anaesthetic and mortality risk.
Prompt self-talk
Encourage the person to use talk to themselves (aloud or silently) before and during planned behaviours to encourage, support and maintain action.
The young people will be asked to think about challenging situations they could face day to day, and then they will be asked to develop motivational phrases which they can say to themselves to support them with carrying out their desired behaviour. Young people will be asked to consider which changes they have made during this study that they think they will struggle to continue with.
Strategies will be then be developed to support these behaviours. [34] . In a study looking at health-related Quality of Life, overweight and obese adolescents reported signiicantly lower scores compared to their healthy counterparts [35] .
Physical self-perceptions
Self-perception is to be measured on the subscale from the Children and Youth Physical Self-perception Profile (CY-PSPP) developed in 1989 and adapted for use in children in 1995 [36] . The CY-PSPP contains 6 subscales; Sport/Athletic, Attractive Body Adequacy, Condition, and Strength competence as well as Physical and Global Self-Worth. The Children and Youth Physical Self-Perception Profile (CY-PSPP) assesses the degree to which young people view themselves as competent in a variety of physical domains [37, 38] . Each question contains two statements relating to either a positive perception of competence or a negative perception of competence. The respondent is required to choose which statement best describes the way they view themselves and answer either 'sort of true for me' or 'really true for me' for each statement. Questions are structured in an alternative format on a scale between 1 (low score) and 4 (high score). Affect [39] .
Participants are asked to indicate the degree, using a scale of 1 (very slightly) to 5 (extremely), each adjective describes how they have felt the previous week. Positive items include proud, satisfied, happy, excited and relaxed and the negative effect includes unhappy, nervous, guilty and angry. Assessment of planned behaviour The Theory of Planned Behaviour (TPB) was developed to predict behaviours in which individuals have incomplete volitional control [27] . In light of the fact that the lifestyle intervention study holds a focus on improving physical self-competence and self-efficacy towards exercise and given that perception of behavioural control as indicated by TPB can reflect past experiences, anticipation of upcoming circumstances, and the attitudes of the influential norms that surround the individual, components from the TPB will be assessed [39] . Participants will be asked to indicate by circling a number between one (strongly agree) and 7 (strongly disagree) to what extent they agree with statements such as; "I would like to participate in physical activity at least three times per week", "If I wanted to, I could easily take part in regular physical exercise" or "Most people who are important to me, think I should take part in regular physical exercise".
Physical itness
Physical itness will be measured using the modiied Balke protocol [40] . he modiied Balke protocol requires participants to walk at a pace of 1.34 m s-1 at a grade of 6% for 2 minutes. At the end of the two-minute stage, the grade is increased by 2%. his continues until volitional exhaustion. On the occasions that the treadmill reaches maximal elevation the participant continues to walk at that gradient until volitional exhaustion. he speed of the treadmill remains constant at 1.34 m s-1 for the duration of the protocol. he protocol ends at volitional exhaustion with time to exhaustion recorded. he test is continuous with no rest periods between each stage. Heart-rate (HR) will be measured during the last minute of each stage using a shortrange radio-telemetry monitor.
Physical activity level
he Physical Activity Questionnaire for Adolescents [40] will collect speciic information about participation in various physical activities during the previous week. Speciically, participants are questioned about their engagement in (1) physical activities in their spare time; (2) physical education (3) lunchtime physical activities (4) extracurricular activities, (5) evening physical activities and (6) weekend activities. Each physical activity is scored on a scale between 1 (not engaged) to 5 (involved 5-7 times per week).
Assessment of outcomes
All outcomes will be measured at baseline, within 2 weeks of balloon insertion, and within 2 weeks of balloon removal ater 6 months, then a further 6, 12 and 18 months post balloon removal (5 times). Figure  1provides an overview of this.
Sample size
Sample size was selected as the optimal size for a pilot study balancing the requirements of obtaining data on potential outcomes with the number of individuals receiving a treatment, with those not shown to be efective, based upon Julious [41] .
Statistical analysis
he primary outcome will be the patient's BMI SDS at sixmonths. As this is a pilot study, with an insuicient sample size to power statistical signiicance, the mean and standard deviations will be reported. Secondary outcomes include, but are not an exhaustive list, further change in BMI ater balloon removal; changes in Blood Pressure, Lipid proile, GLP-1 and GIP levels, bone density and fat mass, adipokines, osteokines, bone turnover markers and Quality of Life scores, with means and standard deviations plotted over time. Analysis of the OGTT results will be performed using a generalised least square (GLS) random-efects model. Longitudinal analysis and multilevel modelling of changes in BMI and biomedical markers will be undertaken to account for changes over time in relation to treatment and other co-variates such as age at baseline and sex. The researcher will discuss with the young person ways to express themselves better through communication. E.geducating young people on being assertive and able to say 'No'when they don't want a big portion of food at mealtimes.
Stimulate anticipation of future rewards
Create anticipation of future rewards without necessarily reinforcing behaviour throughout the active period of the intervention.
Code this technique when participants are told at the onset that they will be rewarded based on behavioural achievement.
The researcher will continually use praise and positive afirmation as a reward for achievement of a desired goal by the BOB individual/family. Free gym passes will be available for those families who successfully engage and complete the project. 
